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(57) ABSTRACT

A modular sensor system for continuous measurement of
analytes 1n continuous flow has a fluidic module, a sensor
module, an optional reference module, and a cover part which
are stacked on top of each other and firmly connected with
cach other so as to be releasable. The fluidic module includes
a fluid duct having an 1nlet and an outlet. The sensor module
includes a sensor compartment which has at least one sensor
and 1s 1n fluid communication with the fluid duct of the fluidic
module. The optional reference module 1s 1n fluid communi-
cation with the fluid duct of the fluidic module by means of a
diaphragm. The cover part seals the sensor module or the
reference module.

6 Claims, 6 Drawing Sheets
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1
SENSOR SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a multi-purpose sensor
system which allows continuous measurements of analytes 1n
continuous flow.

SUMMARY OF THE INVENTION

In the sensor system according to the invention which 1s
indicated 1n the claims, a variety of sensor elements may be
utilized, such as, for example, an ISFET for pH determina-
tion, a noble metal electrode for redox potential measure-
ments, or polymer diaphragms for 10n concentration mea-
surements.

The system 1s also suitable for physical and electroanalyti-
cal measurements.

Advantageously, the sensor system 1s structured modularly
and 1n layers from plate-type individual parts, the individual
layers being adapted to be connected with each other 1n a
sealing, but releasable manner and being exchangeable 1n a
simple way 1f required.

A fluidic module, a sensor module, an optional reference
module, and a cover part are stacked on top of each other as
individual layers.

Disposed on the inside of the fluidic module 1s a flute-like
fluid duct having an 1inlet and an outlet through the plate to an
outside, and a duct mterruption as a lead-through to the sub-
sequent layer, 1.e. the sensor module.

With the exception of the small area of the duct interrup-
tion, the bottom of the sensor module layer constitutes a cover
tor the fluid duct. The duct continues there 1nto a special duct
contour through the bottom leading to the sensor compart-
ment; this duct contour serves to achieve an optimum flow
against the sensor, which 1s preterably perpendicular to the
sensor, as a result of which any possible undesirable concen-
tration polarization of the sensor 1s avoided or at least greatly
reduced. In this way, accuracy of measurement and reliability
are 1ncreased.

The sensor module serves as a receptacle for a sensor and
turther sensors such as a temperature sensor, for example.

When the next layer, 1.¢. the reference module, 1s placed on
the sensor compartment, the latter 1s sealed by the bottom
thereol.

A reference module together with a diaphragm container
forms a reference electrode.

The reference module serves as a container of the electro-
lyte, preferably a gel electrolyte, required in electrochemical
measuring processes. Agar-agar has turned out to be favor-
able, which contains the electrolyte matching the electrode
(for example, 3 M potasstum chloride solution for an
Ag/Ag(Clelectrode). In order to obtain as long a diffusion path
as possible, the container provided for the gel electrolyte may
have a meander-shaped design.

A small, for example cylindrical vessel that 1s open towards
the reference module and 1s likewise filled with an electrolyte
can be fitted 1nto a recess 1n the bottom of the container of the
reference module, the vessel being guided 1mn a borehole
through the sensor module and protruding as far as to the fluid
duct of the fluidic module. A disk-shaped diaphragm 1s placed
into this vessel. A tfluidic contact between the reference mod-
ule and the analyte 1n the fluid duct is established through an
opening in the bottom of the cylindrical vessel, 1.e. the refer-
ence electrode.
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2

A reference wire such as Ag/Ag(Cl protrudes from outside
into the container of the reference module.

The reference module 1s sealingly closed with a cover.

All the layers are provided with recesses for connection
and evaluation electronics.

The modular structure of the sensor system allows 1t to be
casily taken apart 1nto its individual components at any time.

In this way, the tluid duct, which after removal o the sensor
module lies openly on the surface of the flmdic module, can
be easily cleaned.

Above all when the fluid duct 1s of a small diameter, there
1s the risk of the fluid duct becoming clogged by particles
present in the analyte or by precipitates that settle out upon
reaction with reagents that are additionally metered 1n the
course of the analysis. In systems 1n which the fluid duct 1s not
accessible, a clogging of the duct could make the whole
measuring system unserviceable.

In the sensor module, the sensor element can be simply
exchanged, cleaned or replaced, where required.

An aged or defective reference electrode may, depending
on the damage, be regenerated by exchanging the diaphragm
in the diaphragm container or by removal and refilling of the
gel component.

Also, the reference module can be easily cleaned, repaired,
or completely exchanged. It 1s also possible to replace the
clectrode wire.

Owing to the compact and space-saving design, the system
described here 1s suitable both as a separate device for carry-
ing out various types of 1on concentration measurements,
depending on the sensor element used, and also as a part of a
versatile analysis system in combination with other partial
measuring systems which can be used for continuous and
parallel or successive acquisition of further physical data such
as the degree of turbidity.

In a slightly modified form, the modular sensor system 1s
also suitable for non-electrochemical measuring methods 1n
which no reference electrode 1s required. Here, the reference
module and the diaphragm container are dispensed with, and
the respective boreholes for attachment or lead-through are
sealingly closed. The sensor module recerves the desired sen-
sor such as, for example, a pressure sensor 1n the sensor
compartment and 1s directly sealed with the closing cover.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exploded view of an ion-sensitive mea-
suring system according to the present invention;

FI1G. 2 shows a fluidic module;

FI1G. 3 shows a sensor module;

FIG. 4 shows a diaphragm container;

FI1G. 5 shows a reference module:

FIG. 6 shows a cover.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

As shown 1 FIG. 1, an electrochemical sensor system 1s
structured modularly and 1n layers from plate-like, substan-
tially parallelepipedal individual components, namely a flu-
1dic module 1, the sensor module 2, the reference module 4
with an associated diaphragm container 3, and a cover 5.

These individual components are stacked on top of each
other and connected with each other firmly but releasably at
sites 6 provided therefor. For series production, the individual
components can be produced from a plastic material 1n an
injection molding process. But a manufacturing by machin-
ing 1s also possible. A preferred material employed 1s a
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chemically resistant plastic maternial since 1t 1s to be avoided
in the analysis process that the medium to be determined
carries over any additional 10ons 1nto the measuring process by
undesirable reactions with the substrate.

Arranged on the side of the fluidic module 1 facing the next
tollowing layer 1s a fluid duct 1a. The fluid duct 1a leads to
outer surfaces of the fluidic module 1 by means of an mlet 14
and an outlet 1e. In the exemplary embodiment illustrated 1n
FIG. 2, the flute-like fluid duct 1a extends substantially diago-
nally on the inside of the fluidic module 1 and 1s surrounded
by the contour 1c¢ that serves to receive a seal.

A recess 1f offers space for a connection electronics
required for the measurement.

Depending on the space required by the electronic unit, the
recess 1/1s continued 1n the subsequent plates.

A duct interruption 15 for lead-through of the analyte pro-
vides a fluidic connection to the contour 2a 1n the bottom of
the sensor compartment 25, which 1s a part of the next fol-
lowing layer, 1.e. the sensor module 2, which 1s illustrated 1n
FIG. 3.

Depending on the measuring method desired, the appro-
priate sensor—ifor example an ISFET for pH measurement—
may be placed into the sensor compartment 25. Here, the
sensitive side of the sensor 1s directed towards the duct con-
tour 2a, which 1s configured in such a way that an optimum
flow against the sensor 1s attained. Preferably, the flow 1s
perpendicular to the sensor.

The boreholes 24 and 2c¢ are provided for recerving a fur-
ther sensor, for example a temperature sensor, or for lead-
through of the diaphragm container 3.

FIG. 4 1llustrates the diaphragm container 3. The dia-
phragm container 3 1s constituted by a vessel that consists of
a bottom and a jacket and 1s open on the side opposite the
bottom. There 1s a small opening 35 1n the bottom of the
diaphragm container 3 as a tluidic connection between the
fluid duct 1a and the reference module 4. Arranged inside the
diaphragm container 3 above the small opening 35 1s a dia-
phragm 3a.

It consists of a porous material, e.g., glass, ceramics or
plastic and, 1n operation, ensures a fluidic contact between the
reference electrode and the fluid in the fluid duct 1a. The
diaphragm 3a 1s permeable, but serves as a filter for any other,
solid constituents.

The diaphragm container 3 1s fitted by 1ts open end 1nto the
insertion opening 4a of the reference module 4, illustrated 1n
FIG. 5. When the reference module 4 1s placed on the sensor
module 2, the bottom of the diaphragm container 3 moves
through the borehole 2¢ as far as to the fluid duct 1a of the
fluidic module 1. At the same time, the sensor compartment
2b 1s covered and closed by means of the bottom of the
reference module 4.

The reference module 4 essentially constitutes a container
4b tfor the electrolyte required for the measurement. The
diaphragm container 3 1s likewise filled with electrolyte.

Preferably, a gel electrolyte 1s used which contains agar-
agar as a substrate. Agar-agar has the advantage that it 1s
water-soluble and solidifies.

The container 46 can be of a meander-shaped configura-
tion. This has the advantage of a long diffusion path. The
reference electrode 1s thereby protected against penetration of
medium from the fluid duct 1a.

An electrode wire 4¢ 1s immersed 1n the container 45 and 1s
guided through the reference module 4 to an outside.
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The cover 5, which 1s illustrated 1n FIG. 6, 1s placed 1n a
closing manner onto the reference module 4. Provided 1n the
cover 5 are sites 6 for fasteming means as well as lead-
throughs 1/ for connection and evaluation electronics.

The medium to be analyzed moves from the inlet 14 1nto
the fluid duct 1q and to the duct interruption for lead-through
15. The medium 1s subsequently receirved by the contour 2a
for the flow against the sensor, contacts the sensor in the
sensor compartment 25, flows via the duct iterruption for
lead-through 15 back into the fluid duct 1a and continues to
the outlet 1e.

I1 1t 1s 1ntended to apply a non-electrochemical measuring,
method for determining further physical properties of a fluid,
the reference electrode consisting of the reference module 4
and the diaphragm container 3 1s dispensed with 1n the above-
described structure of the sensor system.

The fluidic module 1, the sensor module 2 and the cover 5
are stacked on top of each other to form the sensor system,
with boreholes for attachment or lead-through of the dia-
phragm container 3 being sealingly closed for this applica-
tion. The sensor compartment 25 1s then fitted with a pressure
sensor, for example.

The invention claimed 1s:

1. A modular sensor system for continuous measurement of
analytes 1n continuous tlow, said system comprising a tluidic
module, a sensor module, an optional reference module, and
a cover part, which are stacked on top of each other and firmly
connected with each other so as to be releasable, wherein

said fluidic module includes a fluid duct having an inlet and

an outlet,

said sensor module includes a sensor compartment having

at least one sensor and being in fluild communication
with said fluid duct of said fluidic module,

said optional reference module 1s 1n fluid commumication

with said fluid duct of said fluidic module by means of a
diaphragm,

said cover part seals one of said sensor module and said

reference module, and

wherein said reference module includes an electrolyte con-

tamner which 1s connected with said fluid duct of said
fluidic module by means of a diaphragm container pro-
truding through said sensor module.

2. The sensor system according to claim 1, wherein said
sensor compartment 1s sealed on a side of said sensor module
facing away from said fluidic module by one of a bottom wall
of said adjacent reference module and said cover part.

3. The sensor system according to claim 1, wherein said
diaphragm container forms a vessel that 1s filled with an
clectrolyte and 1s open towards said electrolyte container of
said reference module and includes a bottom wall on which a
diaphragm rests and which 1s provided with a borehole that
opens 1nto said fluid duct of said fluidic module.

4. The sensor system according to claim 1, wherein said
clectrolyte container of said reference module forms a mean-
der-shaped duct.

5. The sensor system according to claim 1, wherein an
clectrode wire projecting into said electrolyte container of
said reference module from outside 1s provided.

6. The sensor system according to claim 1, wherein said
modules are provided with aligned recesses for connection
and evaluation electronics.
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